Abstract: The aim of this study was to establish an analytical method for the determination of E,E-farnesol and squalene in makgeolli, which is a traditional type of Korean fermented rice wine. E,E-farnesol and squalene in makgeolli were extracted using stir bar sorptive extraction (SBSE) coupled with gas chromatography-mass spectrometry. SBSE was found to be an effective method for analyzing the E,E-farnesol and squalene levels in makgeolli. The linear dynamic range of the SBSE method for detecting E,E-farnesol and squalene ranged from 0.5 to 200 ng/mL with R 2 = 0.9974 for E,E-farnesol and 100 to 50000 ng/mL with R 2 = 0.9982 for squalene.
Introduction
Makgeolli is a type of traditional rice wine in Korea. Makgeolli is made from the mash of rice flour or rice starch with nuruk, which is used for saccharification, and various yeasts, which are used as the fermenting agent. Makgeolli is composed of approximately 90% water, 6-8% ethanol, 2-4% sediment consisting of 1.5-2.0% protein, and 0.5-1.0% carbohydrates originating from the yeast and the fermented rice wine.
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Saccharomyces cerevisiae has been known to play a role of makgeolli fermentation, and it can produce various functional compounds during the fermentation process. Among these compounds, E,E-farnesol has been found in makgeolli and reported for the first time by Ha et al. 4 using the SBSE method to extract the semi-volatile compounds. Many studies have reported that farnesol and the related isoprenoids, perillyl alcohol and geraniol, are natural compounds found in many fruits and aromatic plants. The isoprenoid alcohol farnesol is an effective inducer of cell cycle arrest and apoptosis in a variety of carcinoma cell types. In addition, farnesol has been reported to inhibit tumorigenesis in several animal models, suggesting that it functions as a chemopreventative and an anti-tumor agent in vivo. A number of different biochemical and cellular processes have been implicated in the growth-inhibitory and apoptosis-inducing effects of farnesol.
5-9
Conversely, triterpenoid squalene (2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexaene) is the main hydrocarbon in the non-saponifiable fraction of olive oil, occurring in high concentrations between 0.8 and 12 g/kg in virgin olive oil. 10 The richest source of squalene is the liver of the Aizame (dogfish) shark (Squalas spp) of the southern Pacific oceans of Australia.
11 Squalene is a potential oxidation inhibitor;
it can protect cells against free radicals, strengthen the body's immune system and decrease the risk for various cancers.
12 Because E,E-farnesol and squalene were found in makgeolli in our previous work, we analyzed E,E-farnesol and squalene in makgeolli using SBSE coupled with thermal desorption gas chromatograph (TD GC)-quadrupole mass spectrometry.
In this study, the analytical method for the determination of E,E-farnesol and squalene in makgeolli was optimized and validated.
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2. Experimental
Materials and reagents
Makgeolli was purchased at local retail stores in Gyeonggi province, Jeolla province, Chungcheong province, Busan, and Seoul, Korea. The ethanol content of Makgeoglli varied from 6% to 8% between the different bottles. The makgeolli samples were stored at 4 o C prior to analysis. Analytical grade ethanol (99.8%, Sigma-Aldrich), E,E-farnesol (Sigma-Aldrich) and squalene (Sigma-Aldrich) were used. Ultra-pure water was obtained from a Milli Q system (Millipore, Bedford, MA, USA).
Stir bar sorptive extraction (SBSE)
Before extraction, the magnetic stir bars (polydimethylsiloxane (PDMS), 0.5 mm film thickness, 10 mm length, 24 µL, Gerstel, Müllheim a/d Ruhr, Germany) were cleaned at 250 o C for 30 min in a nitrogen atmosphere. Then, 20 mL of makgeolli after 100 fold dilution with 6% ethanol was introduced in to a standard 20 mL vial that contained a magnetic stir bar. The extraction of volatile compounds, E,Efarnesol and squalene was performed at room temperature at a rotation speed of 450 rpm for 1 hour. The stir bar was thermally desorbed in an online Gerstel thermal desorption unit (TDU), which was connected to the cooled injection system-program temperature vaporizing injector (CIS-PTV). Firstly, the CIS with a glass liner filled with Tenax TA was set at -20 
Method validation
Calibration solutions with concentrations of 0.50, Analytical Science & Technology 2.00, 20.00, 100, and 200 ng/mL were prepared by diluting E,E-farnesol with ethanol, and solutions with concentrations of 100, 500, 5000, 10000, and 50000 ng/mL were prepared by diluting squalene standards with acetonitrile. The linear range of the proposed method was studied by determining the calibration curves for the concentrations of interest. The automatic injection was performed at the optimum condition. Recovery tests using the E,E-farnesol and squalene standards were carried out on the makgeolli samples. The makgeolli samples were fortified with a range of E,E-farnesol (10, 50, and 100 ng/mL) and squalene concentrations (500, 2500, and 5000 ng/ mL), respectively. The recovery of E,E-farnesol and squalene using the standard addition method was calculated as follows:
Here, C t is the total concentration of E,E-farnesol and squalene measured, C u is the concentration of E,E-farnesol and squalene present in the original makgeolli, and C a is the concentration of pure E,Efarnesol and squalene added to the original makgeolli.
Chromatography
All analyses of E,E-farnesol and squalene were performed on an Agilent 6890 GC system coupled to an Agilent MD 5973 quadruple mass spectrometer. The compounds were separated using a 5% diphenyl-95% dimethyl siloxane fused-silica capillary column (HP-5MS, 30 m length, 0.25 µm i.d., 0.25 µm film thickness, Agilent Technologies, Middleburg, OI, USA). The carrier gas was helium with a flow rate of 1.1 mL/min, and the splitless mode was used. The injector temperature was set at 250°C. The following column temperature program was used during the run: initial temperature of 40 °C (hold for 20 min), then increase to 150 °C at a rate of 3 °C/min, and finally increase to 280 °C at a rate of 10 °C/min (hold for 15 min). The transfer line, ion source and quadrupole (q) analyzer temperature were maintained at 280 ο C, 230 ο C, and 150 ο C, respectively. In the full-scan mode, the electron ionization mass spectra in the range of 35-350 m/z were recorded at 70 eV electron energy. The mass spectra were obtained in full-scan mode and compared with the Wiley 275 mass spectral database (Agilent Technologies, Santa Clara, CA, USA). The data recording and instrument control were performed with the MSD Chemstation software (G1701CA; version C.00.00; Agilent Technologies, Santa Clara, CA, USA). Ions with masses of 69, 81, and 93 were selected for the determination and confirmation of E,E-farnesol, and 69, 95, 136 were selected for the determination of squalene.
Statistical analysis
The recovery experiments were performed, and the results are expressed as the mean ± standard deviation (SD).
Results and Discussion

Extraction of E,E-farnesol and squalene
The analysis of the volatile compounds present in liquors is sometimes inefficient because of their high water and alcohol content, which can disrupt the adsorption of volatile compounds on the surface of the porous material used as a DHS absorbent. [16] [17] By far the most effective and preferable method for semi-volatile compound analysis of wine has been the SPME method. However, SBSE is substantially more sensitive than SPME, provided that the same coating material is applied. SBSE has been widely used in several types of applications, especially in thermal desorption (TD) systems coupled with GC-MS analysis. [18] [19] [20] Compared with conventional techniques, SBSE has been shown to be an environmental friendly alternative due to its ease of use, high selectivity, high sensitivity and reproducibility, and short time requirement. [21] [22] [23] The total ion chromatogram of the semi-volatile compounds isolated from makgeolli obtained by the SBSE-TD-GCMS is shown in Fig. 1 . The relative abundance of several compounds, including ethanol, 3-methyl-1-butanol, and fatty acid ethyl esters, such as ethyl lactate, ethyl caproate, and ethyl caprylate, is presented in Table 1 . E,E-farnesol and squalene were found in makgeolli for the first time, and their mass spectra are shown in Fig. 2 . The complex biosynthesis of squalene has been studied in remarkable detail. 24 It begins with the formation of the sesquiterpene alcohol farnesol, the pyrophosphate of which forms the presqualene alcohol pyrophosphate, which in turn is reduced to squalene by NADPH reductase after a series steps as illustrated in Fig. 3 .
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P. Bhattacharjee et al. 11 reported that the yield of squalene from Saccharomyces cerevisiae was found to be 41.16 µg/g, dry weight of yeast cells. It seemed that E,E-farnesol and squalene might be produced in makgeolli under anaerobic conditions by Saccharomyces cerevisiae.
Evaluation of the method performance
The SBSE method was used to determine the presence and concentration of E,E-farnesol and squalene in makgeolli. The results of the validation parameters of the SBSE method are listed in Table 2 . Kovat's index 
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The linear range of E,E-farnesol and squalene levels detected by this method was from 0.5 to 200 ng/mL and from 100 to 50000 ng/mL with a correlation coefficient of 0.9974 and 0.9982, respectively. The limit of detection (LOD) and limit of quantification (LOQ) values were estimated at an SD/b ratio of 3 and 10, where SD and b stand for the standard deviation of the intercept and slope of regression line, respectively. The limits of detection of E,Efarnesol and squalene were 0.1 and 15.0 ng/mL, and the limits of quantification were 0.5 and 40.0 ng/mL 1 , respectively. The recovery of E,E-farnesol from the 10, 50, and 100 ng/mL and the recovery of squalene from the 500, 2500, and 5000 ng/mL spiked makgeolli samples ranged from 101% to 107% and from 98% to 103%, respectively, indicating good accuracy of the SBSE-GCMS method (Table 2 ).
Application of SBSE to makgeolli samples
To test the applicability of the SBSE method for the analysis of makgeolli samples, SBSE was used to determine E,E-farnesol and squalene in makgeolli. As shown in Table 3 , the E,E-farnesol concentration in makgeolli ranged from 33.6 to 142.4 ng/mL, while the squalene concentration ranged from 513.2 to 7431.1 ng/mL. It seemed that the SBSE method was efficient and well suited for the analysis of E,E-farnesol and squalene in makgeolli and other liquors.
Conclusions
A sensitive, precise and effective SBSE method coupled with GC-MS was developed for the reliable analysis of E,E-farnesol and squalene in makgeolli, which is a traditional type of Korean fermented rice wine. E,E-farnesol and squalene in makgeolli were extracted using stir bar sorptive extraction (SBSE) coupled with gas chromatography-mass spectrometry. The SBSE method was found to be an effective method for analyzing the E,E-farnesol and squalene levels in makgeolli. Values represent the mean of the triplicate analyses ± the standard deviation. 33.6 ± 0.5 513.2 ± 0.3 Max
3)
142.4 ± 0.4 7431.1 ± 0.7 Average 72.6 1610.7
1)
Values represent the mean of the triplicate analyses ± the standard deviation.
2)
Maximum value.
3)
Minimum value.
